Reasons for performing study: Behavioural tests as well as o b s e r v e r s ' ratings have been used to study horses' temperament. However, the relationship between the ratings and the responses in behavioural tests has not yet been studied in detail. Objectives: The aim of the present study was to examine this relationship between ratings and responses. Methods: Eighteen mature Swedish Warmblood horses were subjected to 2 behavioural tests, one relating to novelty (novel object test) and one to handling (handling test). Subsequently, 16 of these horses were ridden by 16 equally experienced students, having no former experience with the horses. Immediately after each ride, the students scored the horse for10 temperamental traits using a line rating method. Results: It was shown that for each temperamental trait all 16 riders agreed on the ranking of the horses (0.212<W<0.505, P<0.001). Conclusions: Correlations between behavioural and heart rate variables in the behavioural tests revealed that horses with a high level of locomotion or much restlessness behaviour exhibited high mean heart rate and low heart rate v a r i a b i l i t y. In part i c u l a r, heart rate variables in the behavioural tests were found to correlate with riders'rating s c o res. Furt h e r m o re, the underlying components of the handling test, retrieved with a principal component analysis (PCA) correlated with riders' rating scores while the underlying components of the novel object test did not. Potential clinical relevance: It is concluded that it is possible for a large panel of assessors to agree upon a horse's temperament and that objective measures from behavioural tests correlate significantly with temperamental traits assessed by a panel of assessors.
Introduction
Horses are kept for various reasons and have become very popular in sports and recreation. Although the horse's appearance and physical qualities match the desires of the owner, the horse's temperament does not. Not only horses kept for leisure, but also those employed in sports are being sold because of undesirable temperament.
There has been an alarming increase of the number of serious accidents with horses in sports as well as in leisure (Hobbs et al. 1994; Keeling et al. 1999; Paix 1999) . The experience and skills of the rider are of major importance in preventing serious accidents (Keeling et al. 1999 ) but serious accidents are often caused by characteristic behaviours of the horse (Thompson and von Hollen 1996) . Of course, horses differ in temperament, but the rider's temperament also plays a part and horses with a particular temperament interact well with some riders and not with another. The match between rider and horse depends, therefore, on both their personalities/temperament (Morgan et al. 2000) .
Behavioural tests have been extensively used to identify d i fferences in responses between individuals (for example rodents: Benus et al. 1991; pigs: Ruis et al. 2000; cattle: Boissy and Bouissou 1995; poultry: Korte et al. 1999) . Different behavioural responses were obtained in behavioural tests such as social isolation, handling, introduction of a novel object and food competition (for review see Manteca and Deag 1993) . It appeared that individuals differed in their speed of locomotion, vocalisations and latency times to approach objects. During, and after, these behavioural tests, physiological variables have been measured, e.g. heart rate variables and stress hormones in blood, urine or saliva. The physiological responses in behavioural challenge tests have been used to strengthen the interpretation of behavioural responses, which have also been used to study the responsiveness of horses to challenge or change ; Wo l ff et al. 1 9 9 7 ; H a u s b e rger et al. 1998; Visser et al. 2001) . However, no physiological variables were measured in these latter studies.
Other studies typically used assessment of temperament by man (French 1993; Mills 1998; Anderson et al. 1999) . Experienced trainers or owners, familiar with the individuals, are instructed to assess the temperament using a line rating method. Mills (1998) investigated the concordance of temperamental traits between individuals rating horses. The inter-observer correlation with respect to 14 familiar terms used to describe horse personality was very low. It appeared that assessors attributed different meanings to a particular temperamental trait. Therefore, Mills (1998) suggested that we could use only terminology to describe a horse's temperament, when the trait was qualified by objective descriptive definitions. Rundgren and Nordin (1997) argued that line rating methods could be reliable when the trait was only scored as 'little' or 'much' applicable to the individual, and not in terms of good or bad. Another explanation of the absence of concordance between assessors could have been that in all those studies the assessors were experienced with the horses, whether as trainer, owner or rider. Their assessment could have been influenced by personal preferences and experiences with individual horses.
So far, only a few studies have investigated the relationship between responses of horses in behavioural tests and temperament assessed by man. Heird et al. (1981) demonstrated that trainability indices, assessed by trainers using a predefined scoring method, tended to predict learning abilities in a place-learning T-maze test. McCann et al. (1988) used the individual responses to confinement in, and release from, a chute to assess individual emotionality levels. Next, they showed that horses with different emotionality levels also exhibited different behavioural patterns in their home environment. In horses, observers'ratings, as well as behavioural tests, have been used to study individual differences in temperamental traits. However, the relationship between the ratings and responses in behavioural tests has not yet been studied in detail. In the present s t u d y, we examined temperamental traits in horses using behavioural tests and related the horses' responses to the rating scores of riders. To minimise bias through prejudice, we used riders having no previous experience with the horses, and who were instructed to score the exact quantity rather than the optimal level of temperamental traits.
Materials and methods

Subjects
All procedures involving animal handling and testing were approved by the Care and Use Committee of the Institute for Animal Science and Health (ID-Lelystad) in Lelystad, the Netherlands.
Animals: A total of 18 Swedish Warmblood horses (4 mares and 14 geldings age 5-15 years), schooled in show-jumping at the national riding school of Strömsholm, Sweden, were used. Horses were housed individually, straw bedded and had free access to water. They were fed hay, 1 kg dry matter/100 kg bwt, and 2-4 kg pelleted compound fed per horse, i.e. 85-100 MJ and 550-650 g digestible protein a day. The horses were used mainly for education, 1.5-2 h/day and competed a few times a year in national championships.
Riders: Sixteen equally experienced riders (14 females and 2 males, age 21-28 years) rode the horses and completed a survey afterwards. The riders were on debutant level and practising for intermediate level. They were students at Equine Studies, a 2 year university course and had no prior information of, or experience with, the horses.
Procedures
Behavioural tests: Two behavioural tests, (novel object test and handling test), were used to quantify particular aspects of the horses' temperament. These 2 behavioural tests were used in a parallel study with younger horses, age 9-22 months (Visser et al. 2001) . In the latter study, the horses were tested repeatedly to study consistency over time. Visser et al. (2001) demonstrated short term consistency, which suggested that the behavioural variables measured were reliable to serve as aspects of temperamental traits. In the current research, both novel object and handling tests were carried out in May 1999 on 3 consecutive days, in respective sequence. For precise description of the procedures of the tests see Visser et al. (2001) .
Both tests were videotaped and analysis of behavioural responses carried out using the Observer software programme 1 . Behavioural and physiological variables measured in the novel object test and handling test are listed in Tables 1a and 1b, respectively. The behavioural variables used in the present study are identical to the variables measured in the tests described by Visser et al. (2001) .
Heart rate and heart rate variability (HRV) were used to study the physiological responses to the tests. Heart rate, expressed as beat-tobeat (R-R) interval duration (m/sec) was continuously recorded telemetrically with Polar Vantage NV 2 , which consisted of a special girth belt adapted for horses with a built-in-transmitter and a wristwatch receiver. The receiver had a memory function and stored data from the transmitter. Afterwards, data were downloaded via a Polar I n t e r f a c e 2 on to a PC. Heart rate data was linked to behavioural data by a software procedure. This enabled us to calculate heart rate variables during different phases of the tests. The analysis of heart rate variability has been used to study the balance between the sympathetic and the parasympathetic branches of the autonomic nervous system in several species (Stein et al. 1994; Sgoifo et al. 1997; Korte et al. 1999) . In the present study, we used the root mean square of successive R-R interval differences (rMSSD, m/s) as a measure for heart rate variability. The rMSSD estimates the influence of the parasympathetic nervous system on heart rate variability (Stein et al. 1994; Sgoifo et al. 1997; Thayer et al. 1997) .
Rating scores of riders
Riders had to ride a standardised pattern, including jumping a fence once in trot and twice in canter, crossing a 'bridge' 3 times in a row, twice a slalom around orange road work pawns in trot and once passing the noise of a chain saw. This part of the study was carried out in August 1999. Due to illness of one horse and sale of another, 16 horses were ridden by 16 riders. Each rider rode each horse once. Riders were instructed not to discuss the horses during breaks.
Immediately after riding the track, the rider had to score the horse for temperament. Ten temperamental traits, listed in Table 1c , were assessed. The temperamental trait 'sensitive to disturbances' had to be assessed on basis of the response of the horse to the brief exposure to the sound of a chain saw during the riding of the standardised pattern. The riders were advised to put a mark on a 10 cm scale using 0 as least and 10 cm as the most they ever had experienced. The marks were later measured with a ruler and received a score. Subsequently, the mean rank score per horse was calculated for each trait separately. Horses that were ranked low by most riders, received a low mean rank score.
Statistical analysis
Correlations between behavioural data and heart rate variables in the novel object and handling tests were calculated using a Spearman Rank correlation test. The measure for heart rate variability in both test was transformed to logscale in order to obtain a normal distribution. Prior to the calculation, variables (behaviour and heart rate) were corrected for possible effects of sexes, so as to measure that the resulting correlations reflected individual differences, rather that the effect of sex. The measures of temperamental traits assessed by riders were ranked within riders and subsequently a mean rank score for each temperamental trait was calculated over riders.
A Principal Component Analysis (PCA) was performed on the correlation matrices of both the behavioural tests separately and the mean rank scores of the riders. Using a PCA, one can form an impression of possible relationships between more than two variables of a particular test. Prior to the PCA analysis, the empirical logit transformation was applied to percentages of total test time and log transformation to frequencies. Subsequently, components were interpreted by looking at the variables with a relatively high loading (Chatfield and Collins 1980; Jolliffe 1986 ).
To study agreement among riders, Kendall's coefficient of concordance (W) was used to test level of concordance. Additionally, the percentage of riders that agreed with each other was calculated by dividing the total number of significant Spearman correlations by the total number of correlations.
Spearman Rank correlations were employed to study the relationship between the responses measured in the behavioural tests and rating scores of the riders. Since we were interested in the agreement of variation between horses detected by riders and variation in response obtained in behavioural tests, regardless of underlying sources of variation, we used raw data for this analysis. Additionally to the correlations between individual variables of behavioural tests and mean rank score for a particular trait, PCA components of the behavioural tests and the rating score survey were correlated. All calculations were performed with the statistical programming language of Genstat (1993) .
Results
Novel object test
General re s p o n s e s : Table 2 shows the mean ± s.e. and range for the 12 analysed behavioural and heart rate variables of the novel object test. It appeared that horses exhibited a wide variation in responses.
Spearman Rank correlations between behavioural variables measured in the novel object test and 3 heart rate variables showed a number of correlations. There were very significant negative correlations between heart rate during exposure and time horses were having their heads low (r s = -0.88, P<0.001) and between heart rate and exploring other things but the novel object (r s = -0.86, P<0.001). Heart rate variability correlated positively with exploring other things but the novel object (r s = 0.54, P<0.05).
Underlying components of behavioural variables
A principal component analyses (PCA) was carried out to identify possible underlying relationships between more than 2 variables. Table 3 shows the first 2 components. The total variance explained by the first 2 components was 58.10% (eigen values >1). To interpret underlying components loadings of l>0.3l were considered. For the first component, positive loadings were found for latency times (latnovel and latcircle), negative loadings were found for exploring (explnovel and explother) and head low (headlow). Exploring other things but the novel object (explother) as well as percentage of time head low (headlow) both loaded negatively on the second component, while exploring novel object (explnovel) loaded positively on this component.
Handling test
General responses: Nine behavioural variables and 2 heart rate variables were used in the analyses of the handling test. Table 4 shows the mean ± s.e. and range for each variable. Horses differed See Table 1a for explanation of the abbreviations of the variables. For explanation of abbreviations see Table 1a . See Table 1b for explanation of the abbreviations of the variables. For explanation of abbreviations see Table 1b .
from each other in their response to this test. Furthermore, heart rate variability correlated significantly negatively with standing still in front of the bridge (r s = -0.48, P<0.05), with the number of trials needed to cross the bridge ( r s = -0.63, P<0.01) and with resistance behaviour while approaching the bridge (r s = -0.69, P<0.01).
Underlying components of behavioural variables
The first 2 components of the PCA explained 80.99% of the variation (eigenvalues >1) (Table 5 ). Behavioural variables that loaded mainly on the first component were restlessness behaviours (reshorsea, reshandf and reshandw) and latency times to paw (latpawhandf and latpawhandw). The restlessness behaviours loaded negatively and the latency times positively. Behavioural variables standing still in front of the bridge (standbridge), reluctance behaviour while approaching and crossing the bridge (relbridge) and number of trials needed to cross the bridge (numbtrial) all loaded negatively on the second component.
Rating scores of riders
Concordance between riders: After each rider rode the specified track on a horse, he or she rated the horse for 10 temperamental traits using a horizontal line rating method (see section material and methods). Table 6 shows the Kendall's coefficient of Concordance (W) for each temperamental trait. It was shown that for each temperamental trait all 16 riders agreed on the ranking of the horses (0.212<W<0.505, P<0.001). Besides, the percentage of riders that agreed with any other rider on ranking of horses for a single temperamental trait (Spearman Rank correlations) exceeded the 5% correlations falsely significant by chance.
Underlying components: A principal component analysis (PCA) revealed 2 underlying components (Table 7) . Together these 2 components explained 82.70% of the variation (eigen values >1). Sensitive to disturbances (sdist), spooky (spook), attentive to surroundings (asurr) and curious (curio) loaded positively on the first component, whereas confident (conf) and brave (brave) loaded negatively on the first component. Sensible to the reins (sreins), sensible to the legs (slegs) and attentive to the rider (arider) loaded positively on the second component. The first component is dominated by traits that imply responses of the horse to the environment and the second component is dominated by traits related to the rider. Table 8 shows Spearman Rank correlations between variables of the novel object and handling test on one side and the riders'rating scores on the other hand. Especially heart rate variables of both the behavioural tests were found to correlate with riders' rating scores. Furthermore, the underlying components of the handling test correlated with riders' rating scores whereas the underlying components of the novel object test did not.
Relation between horses' responses in the behavioural tests and the rating scores of riders
Discussion
In this study, we applied 2 different methods of characterising horses. Firstly, we observed behavioural and physiological responses of horses in behavioural tests; secondly, we asked naive riders to evaluate the same horses on predefined temperamental traits. The aim of the study was to reveal whether a panel of riders is able to assess temperamental traits and, if so, whether these riders' assessments relate to variables measured in behavioural tests.
Behavioural tests
The large range for each variable of the behavioural tests revealed individual distinctiveness. In comparison with the study of young horses (Visser et al. 2001) , it is notable that, in the novel object test, the mature school horses reacted less with trotting and cantering compared to young horses, at age 9 months (26.9% vs. 43.7% total test time). Young horses also spent more time exploring the novel object compared to mature horses (4.3% vs. 1.4% total test time). The first 2 underlying components of the novel object test, derived with a Principal Component Analysis (PCA), were not dominated by a few specific behavioural variables. Instead, most behavioural variables loaded almost as much on both components. In the parallel study of Visser et al. (2001) , the first component in the novel object test was regarded as relating to 'flightiness', i.e., tendency to run away and speed of movement (Mills 1998; Visser et al. 2001) and the second to 'sensitiveness' i.e. ease with which performance is affected by environmental disturbances (Mills 1998; Visser et al. 2001) . It is suggested that, in the present study with mature school horses, the underlying motivations 'flightiness'and 'sensitiveness'are not as For explanation of abbreviations see Table 1c . Table 1a , 1b and c. Correlations in bold are statistically significant (P<0.05), correlations in bold and italic (P<0.1). Due to missing values, some correlations of the same magnitude show different probability levels and therefore may be indicated significantly different.
distinct as they were for the young horses. The first reactions of a 'flight animal'is to run away and/or investigate. One of the main objectives when breaking the young horse is to teach it not to run away, even if it is afraid. Consequently, it is not surprising that the school horses were less prone to run than young horses. The magnitude of responses to the handling test of the mature horses, in the present study, also differed from the responses of young horses in the study of Visser et al. (2001) . While the latency times to paw were much longer in mature horses, the restlessness behaviours occurred less often in mature school horses compared to young horses. It is speculated that this difference was caused by the fact that the school horses were more experienced and were more handled than the horses age 9 months. More experience and more handling could have made the school horses more patient and less quickly agitated. Additionally, the school horses have probably been more selected for a calm temperament than the young horses. The underlying correlation structure of the PCAin mature school horses was similar to the correlation structure in young horses. Hence, the first underlying component of the PCA could be regarded as 'patience' i.e. quietly waiting, submission, surrender and the second as 'willingness to perform' i . e . cooperative, responding (Visser et al. 2001) .
Heart rate in horses has been studied for various purposes. For sports, heart rate (variables) have been studied to optimise training schedules (Bruin et al. 1994; Hodgson and Rose 1994; Scheffer and Sloet van Oldruitenborgh Oosterbaan 1996) . In animal hospitals, measuring heart rate variables is used to diagnose diseases (Mitten 1996) . However, in relation to behavioural responses, heart rate variables have been studied only recently (Jezierski et al. 1999; Minero et al. 1999) . In the present study, the mature school horses exhibited mean ± s.e. heart rate of 40 ± 1.2 beats/min, while standing in the box. This is in agreement with normal resting levels of heart rate (Hodgson and Rose 1994) . During the exposure to the novel object, our horses reached mean heart rate of 90-170 beats/min. Normally, these levels are reached during constant physical exercise (Hodgson and Rose 1994) . However, the horses, in the present study, trotted and cantered for only 25% of the total test time. This might be an effect of breaking, schooling and training. The heart rate reveals that a horse is frightened, but it has learned not to run, or it has learned that it does not help and it cannot escape the riding hall anyway.
Hence, it is suggested that the high heart rate level is mediated by emotionality rather than activity.
In previous equine studies, correlations between mean heart rate and behaviour were demonstrated. Horses easier to manage, i.e. more easily interacted with caretakers, showed a lower mean heart rate (Jezierski et al. 1999 ) while horses with a higher emotionality level showed a higher mean heart rate (McCann e t a l . 1988). In the present study, horses showing relatively more locomotion, less time head low and less time exploring other things but the novel object, exhibited a higher mean heart rate. Meanwhile, mean heart rate was negatively correlated with heart rate variability (HRV). Horses with a high HRV exhibited low levels of locomotion in the novel object test, while horses with a low HRV showed much reluctance behaviour while approaching the bridge in the handling test. In general, a higher HRV represents a shift of the autonomic balance towards a more parasympathetic tone, whereas a lower HRV represents a shift of the autonomic balance towards a more sympathetic tone (Stein e t a l . 1994; Sgoifo et al. 1997) . It has been shown that during social stress in rats, the autonomic balance shifts towards a more sympathetic tone (Sgoifo et al. 1997) . In man, it has been shown that recent occurrences of frequent severe panic attacks, display higher heart rate and lower heart rate variability compared to a control group, which indicates a shift towards sympathetic tone (Friedman and Thayer 1998) . Therefore, it is suggested that horses with a low heart rate, a high HRV, a low level of locomotion and much explorative behaviour (of other things but the novel object) are less agitated and more at ease than horses showing the opposite responses.
Riders'rating scores
In the present study, we found high agreement among the 16 riders with respect to the 10 temperamental traits considered. A s suggested by Rundgren and Nordin (1997) , we instructed the riders to score from 'little'to 'much', and not from bad to good in terms of riding. Additionally, the riders were called 'naive riders', since they had never seen the horses before and were instructed not to discuss the horses during breaks. Both instruction and use of naive assessors might have caused the high agreement for all 10 temperamental traits. Although some other studies did not succeed in obtaining significant concordance between assessors (Mills 1998; Anderson et al. 1999) , the results of the present study showed that it is possible for a large panel (assessors) to agree upon temperamental traits.
The high percentage of variation explained by the first 2 underlying components suggests that the temperamental traits assessed by the riders could be reduced to two underlying motivations, i.e. 'responsiveness to environment' for the first component (RRC1) and 'attentive to the rider' for the second component (RRC2). These 2 motivations are supposingly of particular importance when evaluating riding comfort.
Relation between riders' rating scores and behavioural test variables
Since the results of this study have shown that it is possible to assess horses' temperament by a panel of assessors, it is still questionable whether these traits do correlate with objective measures from behavioural tests. The underlying components of the PCA of the novel object test did not correlate with any riders' rating score. In contrast, heart rate variables of the novel object test showed many correlations with rating scores. As suggested e a r l i e r, responses of mature horses to the novel object are not reflected clearly in their behaviour but in their heart rate variables.
Unlike the novel object test, we did find a significant correlation between underlying components of the handling test and underlying components of the riders' rating scores, namely RRC1 and HAC1. The HAC1, which could be regarded as 'patience', contained mainly behaviours expressed by the horse when standing in the box, i.e., without being forced to do anything by man and, consequently, training and schooling probably does not influence these behaviours as much as the behaviours in connection to the bridge passing. RRC1, which was thought to be linked to 'responsiveness to the environment', contains variables expressing the reaction of the horse to the environment, not the rider. It is possible, at least to a certain degree, to train horses' sensibility to the rider. However, even if one trains the horse not to run away from frightening events, a sensible horse will still observe many things in the environment, without being disobedient. Consequently, it can be argued that also RCC1 is less affected by training and schooling.
The use of behavioural tests to assess temperamental traits may potentially have a number of advantages. Firstly, using behavioural tests would make large panels of assessors to assess temperament superfluous. Secondly, behavioural tests are designed specifically to make sure that different horses experience the same series of fixed events in the same predefined and controlled setting. This makes it easier to establish a high level of standardisation and repeatability, particularly when the same test is used in different locations. F i n a l l y, data obtained by using behavioural tests are generally of an objective and quantitative nature, and, therefore, probably more comparable within the same study and between diff e r e n t studies. However, more research is needed to validate behavioural tests for the assessment of temperament in horses. M o r e o v e r, in order to use behavioural tests under practical conditions, they should be simplified to allow quick performance in a large number of horses.
In conclusion, this study has shown that it is possible for a large panel of assessors to agree upon a horse's temperament. It was demonstrated that objective behavioural and physiological measures obtained in behavioural tests, including underlying components derived from a PCA, correlated significantly with temperamental traits assessed by a panel of assessors.
